Evidence suggestive of vitamin E deficiency has been reported in children and adults with malabsorption (Gordon, Nitowsky, Tildon and Levin, 1958; Braunstein, 1961; Binder, Herting, Hurst, Finch and Spiro, 1965) . In addition to low plasma tocopherol levels, experimental depletion of vitamin E in animals and man results in an increased haemolysis of erythrocytes exposed to hydrogen peroxide (Rose and Gy6rgy, 1952; Horwitt, 1962) , and this is widely used as an additional test for deficiency of the vitamin.
After partial gastrectomy and other operations for peptic ulcer, malabsorption may be found (Everson, 1952; Shingleton, Isley, Floyd, Sanders, Baylin, Postlethwait, Ruffin, 1957; Tyor and Ruffin, 1958; Weir and Gatenby, 1963; Deller and Witts, 1962) , and it seemed possible that vitamin E deficiency might also occur.
In this study the plasma vitamin E levels and the susceptibility of erythrocytes to haemolysis by hydrogen peroxide were measured in patients after gastric surgery, and compared with values found in normal subjects and patients with peptic ulcer.
PATIENTS STUDIED AND METHODS
Twenty-six patients who had had a Polya gastrectomy and attended hospital with complications attributed to the operation and 110 patients who had had various gastric operations (Polya gastrectomy in 55, vagotomy and gastroenterostomy in 18, vagotomy and antrectomy in 16, vagotomy and pyloroplasty in 13, and Billroth I gastrectomy in eight) and were attending the routine gastric follow-up clinic at the York County Hospital (Visick, 1948) were studied. Seventeen subjects without known disease and 28 patients with a peptic ulcer who had not had surgery acted as controls.
Plasma vitamin E levels were measured as described by Martinek (1964) . The hydrogen peroxide haemolysis test was carried out on fresh erythrocytes as described by Rose and Gyorgy (1952) , glucose being added to the incubating medium as suggested by Horwitt (1962) .
Mean plasma vitamin E levels in normal subjects vary from one study to another (Gordon et al., 1958; Binder et al., 1965; Bieri and Prival, 1965) , but it is generally agreed that normal subjects usually have values above 0-5 mg./100 ml. (Goldbloom, 1960; Leitner, Moore, and Sharman, 1960) . A plasma vitamin E level of 0 45 mg./100 ml. has been arbitrarily chosen as the lower limit of normal in the present study. One normal subject had a low plasma level.
RESULTS
In the 17 normal subjects the mean plasma vitamin E level was 0 74 mg./100 ml. (± *05 S.E.). The mean level in the 28 ulcer subjects was 0-63 mg./100 ml.
(± 0 03 S.E.) which is significantly lower (p < 0 05) than in the normal subjects. Mean levels of 0 34 mg./ 100 ml. (± 003 S.E.) and 037 mg./100 ml. (± 002 S.E.) were found in the hospital and clinic groups of Polya gastrectomy patients respectively (Fig. 1) . These results are not significantly different from each other but are significantly lower (p < 0-001) in both instances, than the value found in the ulcer groups.
The haemolysis test was abnormal (> 4 %) in none of the normal subjects, in three (11 %) of the ulcer group, in 12 (48 %) of the hospital gastrectomy group, and in 28 (53 %) of the gastrectomy group from the follow-up clinic. Abnormal haemolysis was seen in only six (13 %) of those who had other operations.
Due to the relatively small number of patients the effect of the time interval after surgery cannot be studied in detail, thus subjects were simply divided according to whether the operation had been performed more than 10 years previously or less. The results are presented in Figure 2 'spital' gastrectomy of vitamin E in certain conditions (Horwitt, 1962 ; normals (p < 0.05). Marks, 1962; Binder et al., 1965) .
groups significantly
Our results show that low plasma levels of vitamin E are found following gastric surgery, occurring in as many as four out of five patients more than 10 years after a Polya gastrectomy. The incidence of low levels in those who have had an operation less than 10 years previously is about half of this value and is probably not greatly influenced by the type of operation performed. Low plasma vitamin E levels and positive haemolysis tests were somewhat less common after operations other than Polya gastrectomy, but 80% of these subjects had been operated on less than five years ago. Post-gastrectomy nutritional deficiencies usually appear after more than five years (Paulson and Harvey, 1954; Brit. med. J., 1960; Deller and Witts, 1962) and it seems likely that as the time interval after operation increases, the incidence of low plasma vitamin E levels and positive haemolysis tests will increase to the level found in the Polya gastrectomy group more than 10 years after operation. If malabsorption of vitamin E is the cause of the Dperation low plasma levels, the finding of low levels after )10 years various gastric operations, other than gastrectomy, is not unexpected, since malabsorption of fat has been tergastricsurgery on reported following most of these operative procedgastrectomy, O ures (Fox and Grimson, 1950; Brain and Stammers, sty,f l =vagotomy 1951; Everson, 1952; MacLean, Perry, Kelly, ificant difference be-Mosser, Mannick, and Wangensteen, 1954). ar group. The mean Low plasma levels and positive haemolysis tests ny group was signifi-were-apparently not related to the incidence of other nder-10-year group. complications of gastrectomy since the findings were group.bmj.com on June 25, 2017 -Published by http://gut.bmj.com/ Downloaded from P. J. Leonard, M. S. Losowsky, and C. N. Pulvertaft almost identical in the group presenting because of complications and those attending the routine followup clinic in whom complications were rare.
Anaemia is a not infrequent complication of gastrectomy, and although usually responding to iron or vitamin B12 (Paulson and Harvey, 1954; Deller and Witts, 1962; Weir and Gatenby, 1963) , some patients are found who do not respond to any of these forms of treatment. Anaemia attributable to vitamin E deficiency has been documented in monkeys (Dinning and Day, 1957) , and administration of the vitamin has been shown to correct some anaemias associated with malnutrition in man (Majaj, Dinning, Azzam, and Darby, 1963; Marvin and Audu, 1964; Sandstead, Gabr, Azzam, Shuky,Weiler El Din, Mokhtar, Prasad, El Hifney, and Darby, 1965) . The significance of vitamin E in postgastrectomy anaemias has not been evaluated.
Although a large proportion of subjects were found to have low plasma vitamin E levels following gastrectomy, it is not known if this is associated with any undesirable effects in the patient. In this context, the haemolysis test may be a better index of deficiency than the plasma level, since it reflects the resistance of erythrocytes to oxidation and an antioxidant effect is known to be a biological function of vitamin E; approximately half of all gastrectomy patients showed abnormal haemolysis in this test. The mean plasma vitamin E level in the ulcer group was significantly lower than in the normals. This raises the question of whether the low values found after gastrectomy are really secondary to the operation, or whether a study of ulcer subjects in relation to the length of the history might show similar findings in those of long duration.
Further work is in progress to evaluate the significance of these findings.
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